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Introduction
7KH VWXG\ RI ELRGLYHUVLW\ LQ WKH VLONZRUP LV
LPSRUWDQW IRU VHOHFWLRQ RI XVHIXO WUDLWV ,Q RUGHU WR
ILQG RXW WKH LQWHUEUHHG YDULDELOLW\ RI Bombyx
mori / /HSLGRSWHUD %RPE\FLGDH HQ]\PH
PDUNHUV KDYH EHHQ IRXQG WR EH HVSHFLDOO\ VXLWDEOH
3DWQDLN DQG 'DWWD  :LWK UHVSHFW WR WKHLU
JHQHWLF VWUXFWXUH HQ]\PHV DUH OHVV FKDQJHDEOH
EHWZHHQ LQGLYLGXDOV WKDQ RWKHU ELRFKHPLFDO
FRQVWLWXHQWV RI KDHPRO\PSK DQG RWKHU WLVVXHV
(WHEDUL HW DO  7KLV FKDUDFWHULVWLF PDNHV
WKHP JRRG ELRFKHPLFDO PDUNHUV %LRGLYHUVLW\
DPRQJ WKH PRUH WKDQ  EUHHGV RI PXOEHUU\
VLONZRUP NHSW LQ %XOJDULD 3HWNRY HW DO  KDV
EHHQ VWXGLHG PDLQO\ RQ WKH EDVLV RI WKH PRVW
LPSRUWDQW HFRQRPLF VHOHFWLRQ FKDUDFWHUV RI
TXDOLW\ DQG TXDQWLW\ ,VRHQ]\PLF SRO\PRUSKLVP
KDV EHHQ OHVV VWXGLHG LQ B. mori 6KDEDOLQD 
6WR\NRYD HW DO  WKDQ JHQHWLFDOO\ GHWHUPLQHG
SRO\PRUSKLVP LQ GLIIHUHQW HQ]\PHV (JXFKL HW DO
 +DUD HW DO  (JRURYD HW DO 
(JXFKL HW DO  7DNHGD HW DO  7DNHGD HW
DO  (JXFKL  6XJLPRWWR HW DO 
<DPDPRWR HW DO  :LWKLQ WKH EUHHGV RI B.
mori UDLVHG LQ %XOJDULD WKH GHJUHH RI YDULDELOLW\
RI JHQHWLFDOO\ GHWHUPLQHG LVRHQ]\PLF
SRO\PRUSKLVP KDV QRW EHHQ SUHYLRXVO\ VWXGLHG
7KH REMHFWLYH RI WKH SUHVHQW VWXG\ ZDV WR H[DPLQH
WKH SRO\PRUSKLVP RI QRQVSHFLILF HVWHUDVHV DQG
SKRVSKRJOXFRPXWDVH DQG RQ WKDW EDVLV WR DQDO\]H
WKH DOOHOLF IUHTXHQF\ DQG GHJUHH RI JHQHWLF
KHWHURJHQHLW\ ZLWK GLIIHUHQW EUHHGV RI PXOEHUU\
VLONZRUP LQWURGXFHG LQWR %XOJDULD IURP GLIIHUHQW
HFRORJLFDOJHRJUDSKLFDUHDV
Materials and methods
,QGLYLGXDO VDPSOHV IURP KDHPRO\PSK IDW ERG\
VLON JODQGV JXW WHVWHV DQG RYDULHV RI  IHPDOH
DQG PDOH LQGLYLGXDOV WDNHQ IURP HLJKW EUHHGV RI
B. mori FXOWXUHG LQ %XOJDULD DQG NQRZQ DV $OPD]
$VDKL *LQGJD  &KLQD  .LQVKX 0DLDN 
7RNDL DQG 6KRZD 7KH EUHHGV $OPD] *LQGJD 
DQG 0DLDN  ZHUH LQWURGXFHG IURP $]HUEDLMDQ WKH
EUHHGV $VDKL .LQVKX 7RNDL DQG 6KRZD IURP
-DSDQ DQG &KLQD  IURP &KLQD 8VLQJ 
3$*( WKH VSHFWUXP RI QRQVSHFLILF HVWHUDVHV IURP
GLIIHUHQW WLVVXHV DQG RUJDQV RI ± GD\ ROG SXSDH
ZHUH DQDO\]HG 8VLQJ  DQG  3$*( WKH
VSHFWUXP RI SKRVSKRJOXFRPXWDVH RI ODUYDH SXSDH
DQG LPDJR ZDV VWXGLHG 3RO\DFU\ODPLGH JHO
HOHFWURSKRUHVLV DQG LVRODWLRQ RI KDHPRO\PSK DQG
RUJDQV ZHUH FDUULHG RXW DFFRUGLQJ WR 6WR\NRYD HW
DO  DQG 6WD\NRYD HW DO  0HWKRGV RI
6SHQFHU HW DO  DQG 6KDZ DQG 3UDVDG 
ZHUH XVHG WR YLVXDOL]H WKH SKRVSKRJOXFRPXWDVH
DQG WKH HVWHUDVHV UHVSHFWLYHO\ $OOHOH IUHTXHQFLHV
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KHWHUR]\JRVLW\ + DQG SRO\PRUSKLVP 3 ZHUH
FDOFXODWHGDIWHU $\DODDQG.LJHU
Results and Discussion
%\ PHDQV RI FRPSDUDWLYH HOHFWURSKRUHWLF DQDO\VLV
RI GLIIHUHQW WLVVXHV DQG RUJDQV RI B. moriL WZ D V
IRXQG WKDW IRU WKH VWXG\ RI LQWHUEUHHG DQG
LQWUDEUHHG SRO\PRUSKLVP KHPRO\PSK ZDV PRVW
VXLWDEOH IRU QRQVSHFLILF HVWHUDVHV DQG DOO WLVVXHV
H[FHSW WKH KDHPRO\PSK ZHUH VXLWDEOH IRU
SKRVSKRJOXFRPXWDVH
Nonspecific esterases
1LQH HVWHUDVH IUDFWLRQV EHORQJLQJ WR IRXU RI WKH
ILYH SUHYLRXVO\ GHVFULEHG HVWHUDVH ]RQHV 6WR\NRYD
HW DO  ZHUH IRXQG LQ KDHPRO\PSK DV VKRZQ
LQ )LJXUH  %(6 $ %(6 %% %  %(6 '' 
' %(6 ( DQG ( (VWHUDVHV IURP ]RQH %(6 &
ZHUHQRWGHWHUPLQHG
%UHHG VSHFLILFLW\ LQ WKH H[SUHVVLRQ RI WKH HVWHUDVHV
IURP ]RQHV %(6 % %(6 ' DQG %(6 ( ZDV
GHWHUPLQHGDVIROORZV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,Q ]RQH %(6 % WKH EDQGV %(6 % %(6 % DQG %(6
% ZHUH YLVXDOL]HG HDFK RQH VHSDUDWHO\ RU LQ SDLUV
LQ WKH EUHHGV $VDKL *LQGJD  &KLQD  DQG
0DLDN  )LJXUHV    ,Q WKH 7RNDL EUHHG RQO\
WKH EDQGV %(6 % DQG %(6 % ZHUH SUHVHQW ,Q WKH
.LQVKX DQG 6KRZD EUHHGV RQO\ %(6 % DQG %(6
% ZHUH SUHVHQW ,Q WKH KDHPRO\PSK IURP WKH
$OPD]EUHHGRQO\IUDFWLRQ%(6% ZDVSUHVHQW
,Q WKH 6KRZD EUHHG RQO\ %(6 ' ZDV SUHVHQW
)UDFWLRQV %(6 ' DQG %(6 ' ZHUH SUHVHQW
VHSDUDWHO\ RU LQ FRPELQDWLRQ LQ WKH EUHHG 7RNDL
ZKLOH %(6 ' DQG %(6 ' ZHUH SUHVHQW LQ WKH
$VDKL EUHHG $PRQJ WKH SXSDH VWXGLHG IURP DOO
WKH UHVW RI EUHHGV IUDFWLRQV %(6 ' %(6 ' DQG
%(6 ' ZHUH SUHVHQW HDFK RQH VHSDUDWHO\ RU LQ
SDLUV)LJXUHV   
,Q ]RQH %(6 ( LQ VRPH LQGLYLGXDOV IURP $VDKL
EUHHG IUDFWLRQV %(6 ( DQG %(6 ( ZHUH SUHVHQW
EXW VKRZHG GLIIHUHQW LQWHQVLW\ )LJXUH  )UDFWLRQ
%(6 ( ZDV SUHVHQW LQ VRPH LQGLYLGXDOV IURP WKH
$OPD] DQG *LQGJD  EUHHGV )LJXUH  DQG %(6
( LQ VRPH LQGLYLGXDOV IURP WKH .LQVKX DQG
0DLDN  EUHHGV )LJXUHV   ,Q RWKHU LQGLYLGXDOV
IURP WKHVH EUHHGV HVWHUDVH EDQGV IURP ]RQH %(6
( ZHUH DEVHQW :LWK DOO VWXGLHG LQGLYLGXDOV IURP
&KLQD  7RNDL DQG 6KRZD WKH DEVHQFH RI %(6 (
HVWHUDVHDFWLYLW\ZDVDOVRGHWHUPLQHG
7KH UHVXOWV REWDLQHG IURP WKLV VWXG\ FRQILUPHG
WKH SRO\PRUSKLVP HVWDEOLVKHG HDUOLHU IRU WKUHH RI
WKH HVWHUDVH ORFL PDUNHG DV %HV % %HV ' DQG %HV
( 6WR\NRYD HW DO  7KH DOOHOH FRPSRVLWLRQ
DQG WKH IUHTXHQFLHV RI GLIIHUHQW DOOHOHV ZDV
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DQGKDHPRO\PSK±IDW
ERG\VLONJODQGVWHVWHVDQGRYDULHV
,Q WKH $VDKL *LQGJD  &KLQD  DQG 0DLDN 
EUHHGV WKH WKUHH DOOHOHV LQ ORFXV %HV %  %HV %
%HV % DQG %HV % ZHUH SUHVHQW 7DEOH  ,Q WKH
7RNDL EUHHG WKH DOOHOHV %HV % DQG %HV % ZHUH
SUHVHQW DQG LQ WKH .LQVKX DQG 6KRZD EUHHGV %HV
% DQG %HV % ZHUH SUHVHQW ,Q WKH FDVH RI $OPD]
EUHHG RQO\ DOOHOH %HV % ZDV SUHVHQW +H 
DQG 6WR\NRYD HW DO  GHVFULEH ELDOOHOH
SRO\PRUSKLVP ZLWK FRGRPLQDQW DOOHOHV RQ ORFXV
%HV % 7KH UHVXOWV REWDLQHG LQ WKLV VWXG\ ZKHQ
DQDO\]LQJ WKH EUHHGV .LQVKX 7RNDL DQG 6KRZD
FRQILUP WKHVH GDWD $ WKLUG DOOHOH ZDV IRXQG LQ WKH
UHPDLQLQJEUHHGVH[FHSW$OPD]
+H  GHWHUPLQHG D WULDOOHOH SRO\PRUSKLVP RI
WKH HVWHUDVHV IURP ]RQH %(6 ' DQG (JRURYD HW DO
 IRXQG PRQRPRUSKLVP LQ WKH VDPH ]RQH
7KH UHVXOWV REWDLQHG LQ WKLV VWXG\ VXJJHVW WKDW
WULDOOHOH SRO\PRUSKLVP LQ WKH ORFXV %HV ' ZLWK
FRGRPLQDQW DOOHOHV %HV ' %HV ' DQG %HV 'L V
SUHVHQW LQ WKH PRVW DQDO\]HG EUHHGV 7DEOH 
2QO\ 6KRZD LV PRQRPRUSKLF LQ ORFXV %HV ' ,Q
WKH 7RNDL EUHHG WKH DOOHOHV %HV ' DQG %HV '
ZHUH SUHVHQW DQG LQ WKH $VDKL %HV ' DQG %HV '
ZHUHSUHVHQW
7KH H[SUHVVLRQ RI WKH HVWHUDVHV IURP ]RQH %(6 (
RQO\ LQ VRPH LQGLYLGXDOV DQG WKHLU DEVHQFH LQ
RWKHU LQGLYLGXDOV DV ZHOO DV WKHLU GLIIHUHQW
LQWHQVLW\ RI H[SUHVVLRQ VXJJHVWV D WULDOOHOH
SRO\PRUSKLVP LQ ORFXV %HV ( ZLWK D SUHVHQFH RI D
QXOO DOOHOH %HV ( %HV ( DQG %HV ( 7KHVH
UHVXOWV FRQILUP WKH HDUOLHU GHVFULEHG
SRO\PRUSKLVP ZLWK QXOO DOOHOHV LQ WKH VDPH ORFXV
6WR\NRYD HW DO  7KRXJK LQ VRPH RI WKH
EUHHGV DQDO\]HG LQ WKH SUHVHQW VWXG\ D WKLUG DOOHOH
 %HV ( ZDV SUHVHQW $PRQJ WKH VWXGLHG
LQGLYLGXDOV IURP WKH EUHHGV &KLQD  7RNDL DQG
6KRZD RQO\ KRPR]\JRWHV LQ WKH QXOO DOOHOH ZHUH
SUHVHQW %HV ( ,Q $OPD] DQG *LQGJD  WKH
DOOHOH %HV ( ZDV SUHVHQW ZKLOH LQ .LQVKX DQG
0DLDN  WKH DOOHOH %HV ( ZDV SUHVHQW ,Q WKH FDVH
RI WKH EUHHG $VDKL DOO WKUHH DOOHOHV ZHUH SUHVHQW
7DEOH
6H[GHSHQGHQW H[SUHVVLRQ RI KDHPRO\PSK
HVWHUDVHVZDVQRWHVWDEOLVKHG
Phosphoglucomutase
7KHUH ZDV D ODFN RI VH[ DQG VWDJH VSHFLILFLW\ LQ WKH
H[SUHVVLRQ RI WKH SKRVSKRJOXFRPXWDVH RI WKH
YDULRXV WLVVXHV DQG RUJDQV RI ODUYDH SXSDH DQG
DGXOW RI B. mori 3KRVSKRJOXFRPXWDVH LV
H[SUHVVHG LQ WKH IDW ERG\ WKH VLON JODQGV WKH JXW
DQG WKH WHVWHV DQG RYDULHV 7KH H[SUHVVLRQ RI WKLV
HQ]\PH LQ WKH KDHPRO\PSK LV ORZ GXULQJ DOO
VWDJHVRIRQWRJHQHVLV)LJXUH
7KH FRPSDUDWLYH HOHFWURSKRUHWLF DQDO\VLV RI
GLIIHUHQW VSHFLPHQV RI WKH EUHHGV VWXGLHG VKRZHG
WKH H[SUHVVLRQ RI WKUHH SKRVSKRJOXFRPXWDVH
IUDFWLRQV LQ DOO RUJDQV ODEHOHG 3*0 $ 3*0 $
DQG 3*0 $ LQ RUGHU RI PRELOLW\ )LJXUHV  
7KHVH WKUHH EDQGV ZHUH H[SUHVVHG LQGHSHQGHQWO\
RU LQ SDLUV LQ WKH YDULRXV LQGLYLGXDO VSHFWUD 7KH
 SRO\DFULODPLGH JHO ZDV IRXQG WR EH PRUH
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*LQGJD±$OPD]
DSSURSULDWH IRU DQDO\VLV RI WKH SRO\PRUSKLVP RI
SKRVSKRJOXFRPXWDVHIRU B. mori
7KH LQWHQVLW\ DQG GLVWULEXWLRQ RI WKH WKUHH
SKRVSKRJOXFRPXWDVH EDQGV LQ LQGLYLGXDOV VXJJHVW
PRQRORFXV FRQWURO ZLWK WKUHH FRGRPLQDQW DOOHOHV
UHVSHFWLYHO\ 3JP $ 3JP $ DQG 3JP $
:HOOH[SUHVVHG LQWHUEUHHG DQG LQWUDEUHHG
SRO\PRUSKLVP ZDV HVWDEOLVKHG LQ WKH 3JP $
ORFXV 7KH SUHVHQFH RI WKH WKUHH DOOHOHV ZDV
HVWDEOLVKHG LQ $OPD] $VDKL &KLQD  7RNDL DQG
6KRZD 7DEOH  7KH DOOHOHV 3JP $ DQG 3JP $
ZHUH SUHVHQW LQ 0DLDN  DQG 3JP $ DQG 3JP $
ZHUH SUHVHQW LQ *LQGJD  DQG .LQVKX 7KHUH ZDV
EUHHG VSHFLILFLW\ LQ GLIIHUHQFHV LQ DOOHOLF
FRPSRVLWLRQ DQG GLIIHUHQFHV LQ WKH IUHTXHQFLHV RI
3JP $ DOOHOHV 7DEOH  ,QWHUHVWLQJO\ WKH DOOHOH
3JP $ ZDV SUHVHQW LQ DOO EUHHGV VWXGLHG DQG LQ
VHYHQ RI WKHVH EUHHGV WKLV DOOHOH ZDV SUHVHQW ZLWK
WKH KLJKHVW IUHTXHQF\ ,W ZDV RQO\ LQ .LQVKX WKDW
WKH IUHTXHQF\ RI WKH DOOHOH 3JP $ ZDV KLJKHU
WKDQWKHIUHTXHQF\RI3JP$
3KRVSKRJOXFRPXWDVH KDV QRW EHHQ SUHYLRXVO\
XVHG IRU D VWXG\ RQ WKH ELRGLYHUVLW\ RI B. mori
7KH SRO\PRUSKLVP HVWDEOLVKHG SURYLGHV HYLGHQFH
WKDW WKLV HQ]\PH LV D YHU\ VXLWDEOH PDUNHU IRU WKH
DQDO\VLV RI WKH LQWHUEUHHG DQG LQWUDEUHHG
SRO\PRUSKLVP
Heterozygosity and polymorphism
2QH RI WKH LQGLFDWRUV IRU WKH GHJUHH RI JHQHWLF
YDULDELOLW\ ZKLFK UHJLVWHUV WKH DYHUDJH IUHTXHQF\
RI WKH KHWHUR]\JRWH VSHFLPHQV LQ WKH SRSXODWLRQ
LV KHWHUR]\JRVLW\ + 7KH DYHUDJH KHWHUR]\JRVLW\
REVHUYHG +R DQG H[SHFWHG +H IRU HYHU\ EUHHG
ZDV HVWDEOLVKHG RQ WKH EDVLV RI WKH SRO\PRUSKLVP
GHWHUPLQHG DQG WKH DOOHOH DQG JHQRW\SH
IUHTXHQFLHV FDOFXODWHG IRU HDFK ORFXV 7DEOH 
7KH KHWHUR]\JRVLW\ REVHUYHG KDG WKH KLJKHVW YDOXH
IRU .LQVKX DQG WKH ORZHVW YDOXH IRU &KLQD  7KH
YDOXH RI +R ZDV ORZHVW LQ FRPSDULVRQ ZLWK +H IRU
0DLDN  DQG FORVHVW WR WKH H[SHFWHG RQHV IRU
7RNDL )RU DOO EUHHGV VWXGLHG WKH DYHUDJH YDOXH RI
+R ZDV ORZHU WKDQ +H ZKLFK LV PRVW OLNHO\ GXH WR
WKHHIIHFWVRILQEUHHGLQJ
$QRWKHU LQGLFDWRU RI WKH OHYHO RI JHQHWLF YDULDELOLW\
LV LWV SRO\PRUSKLVP 3 2Q WKH EDVLV RI WKH
UHVXOWV REWDLQHG WKH OHYHO RI SRO\PRUSKLVP IRU
HDFK RI WKH EUHHGV VWXGLHG ZDV FDOFXODWHG DV ZHOO
7DEOH  7KH KLJKHVW YDOXH RI 3 ZDV IRXQG IRU
Table 23RO\PRUSKLVP3DQGDYHUDJHKHWHUR]\JRVLW\+LQWKHVWXGLHGEUHHGVRI Bombyx mori+R±REVHUYHG
KHWHUR]\JRVLW\+H±H[SHFWHGKHWHUR]\JRVLW\
H
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Ho He
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IRXU SRO\PRUSKLF ORFL ZHUH GHVFULEHG 7KH ORZHVW
YDOXHRI3ZDVIRXQGIRUWKHEUHHG6KRZD
Conclusions
2Q WKH EDVLV RI WKH UHVXOWV REWDLQHG WKH IROORZLQJ
FRQFOXVLRQVFDQEHPDGH
7KH QRQVSHFLILF HVWHUDVHV RI WKH KDHPRO\PSK RI
Bombyx mori DUH XQGHU SRO\JHQLF FRQWURO DQG GR
QRWVKRZVH[VSHFLILFLW\LQH[SUHVVLRQ
7KUHH RI WKH HVWHUDVH ORFL DUH SRO\PRUSKLF DQG LQ
WZR RI WKH EUHHGV VWXGLHG DGGLWLRQDO DOOHOHV
RFFXUUHGZKLFKKDVQRWEHHQSUHYLRXVO\VKRZQ
3KRVSKRJOXFRPXWDVH LV H[SUHVVHG LQ DOO RUJDQV RI
B. mori DQG LV SRVVLEO\ FRQWUROOHG E\ D
SRO\PRUSKLF JHQH DQG GRHV QRW VKRZ VH[
VSHFLILFLW\
(VWHUDVH DQG SKRVSKRJOXFRPXWDVH DUH YHU\
VXLWDEOH PDUNHUV IRU DQDO\VLV RI WKH LQWHUEUHHG
DQG LQWUDEUHHG SRO\PRUSKLVP IRU WKH PXOEHUU\
VLONZRUP DQG IRU GHWHUPLQLQJ WKH OHYHO RI JHQHWLF
YDULDELOLW\
7KHUH LV D SUHVHQFH RI EUHHG VSHFLILFLW\ LQ DOOHOLF
IUHTXHQF\ DQG WKH KHWHUR]\JRVLW\ RI WKH EUHHGV
VWXGLHG
7KH SRO\PRUSKLVPV VKRZQ IRU WKH QRQVSHFLILF
HVWHUDVHV DQG SKRVSKRJOXFRPXWDVH DQG WKHLU
JHQHWLF YDULDELOLW\ FDQ EH H[SHFWHG WR EH SUHVHQW
JHQHWLFDOO\ GLIIHUHQW SDUHQWV DQG FRXOG EH XVHG
GXULQJ VHOHFWLRQ WR LPSURYH VWUDLQV.RQLFKHYD HW
DO  (JRURYD HW DO  &KDWWHUMHH HW DO
 3DWQDLN	'DWWD
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